


1. INTRODUCTIOM

The problem of construction of the bubble chamber of vertex de-
tector of high spatial resolution has arisen after the discovery
of particles with very small lifetime 7 ~1071%2 -107145. To -
detect the decay of such shortlived particles with high effici-
ency the spatial resolution AX must be set much smaller than
the impact parameter B of the corresponding decay:

Ax << B = cr, e

,p

where ¢ is the velocity of the light/!/, Forr ~10"13s, we
have B .30 um and Ax ~5 um. Until very recently only the nuclear
emulsion technique with observation through optical microscope
met this condition.
The depth of field attained by classical imaging optics for

wave length A =0.5um is equal to
(ax)®

A

Az ~ ~ BG pm (2)

and is very small relative to de ?th of bubble chamber of vertex
detector amounting to H=10 cm’!Y To detect the events over the
whole depth of the bubble chamber there has been used holography
instead of classical photography/®/, The first successful expe-
riments with improved spatial resolution in the bubble chamber
without the loss of depth of field have been performed in
CERN’%/_ The spatial resolution of 8 um over the depth of field
of 10 cm in the small heavy 11qu1d ‘bubble chamber has been ob-
tained by means of the pulse holographic technique. The bubbles
in tracks of 25 um in diameter have been recorded with spatial
resolution up to 2 um/‘/ In all these experiments the Gabor
scheme “8/ called "in-line holography" has been used.

On the reconstruction stage the hologram is illuminated by
coherent light from CW He-Ne 1laser, and the real reconstructed
image of bubbles is viewed through optical microscope by eye
or is displayed on the TV screen’?/ In both cases the objective
of the optical microscope has been used with small depth of
view (2). During acquisition stage all the information contained
on hologram must be scanned slice by slice. The number of. such
slices is as much as 10 em/50um=~2 - 10?”&&'~” T
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2. IMAGING OPTICS

Let us treat the geometrical transformations which are
performed by classical imaging optical system such as by a
simple lens (Fig.!). In the geometrical optics approximation
each point in the object space is transformed by lens into the
point, which lies in the image space on the straight line
going through the center of lens. The distance f; from the cen-
ter of lens to the imaged point is determined by expression

Gt=tt e, (3)

where f is the focal length of lens and 21 is the dlstance
from point to the center of lens. This transfromation is the
one-to-one for all points the coordinates of which met the
inequalities:

lz] > £,

()
=<0, 14 <a,
Z Z

where ( is the angular field of view of lens restricted 5y
aberrations of lens.

The geometrical transformatioms, performed by simple lens,
can be expressed as

(5)

Every p01nt (zero—-dimension space) goes into omne point (zero—
dimension space) Every 11ne, straight or curved (one-dimension
manlfold), is transformed into the correspondlng line (one-dimen-—
sion manifold) in the image space. ‘The convex or not-self-

Fig.l. The formation of image of
=y ££$ a point by means of lens JI in ‘the
AS geometrical optics approximation:
I - 'the object space, II — the
image space, Pp — one of the
points in thé ‘object space, Pu -
its image. The shaded region is
that part of the whole space, the
points of which are transformed
by lens without noticed aberra-
tions.
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shaded surface (two—dimensional manifold) goes into the cor-
responding surface (tw0<—d1men31ona1rnanlfold) We cannot de-
tect ,the manifold of imaged points which are not laying in
one plane by means of detector such as photoplate. *

Mutual- unambiguity of geometrical transformatlons,(S) is
lost partially or completely by diffraction of light® Due to
finite value of wave length of the light each point from the
object space is transformed by lens into the small 3D volume
element in the image space. Its transversal dimensions are

A
Ax = Ay ~ -2 .
x = Ay pa (6)
and longitudinal dimension is equal to
A
Az o~ L.
" 7
with
R
tgauas—-—-, a<1l,
ot , ‘ (8)

and R is the radius of the lens. From (6) and (7) for f =const
we get '

VAAzZ = Ax. (9

If the value of a=R/2l' i5 diminished such that the radius
of diffraction spot would be equal to the radius of lens, the
lens can be removed without any remarkable deterioration of the

image quality. Such an optical system is called a pinhole
camera. : A

\

3. MESOOPTICS

The imaging systeh is called a mesooptiéal one if in the
geometr1ca1 optics approximation every poifit of the object
space is transfotmed into the stralght line of finite or infi-
nite length in the image space. The geometrical transforma-
tions performed by mesooptical imaging system can be written
in the following form

0D - 1D :

'lD > 2D

(10)
2D . 3D

The point:goes into the stralght line, the line goes into the
surface, and the surface is transfromed into the 3D manifold.
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Fig.2. The formation of image

- of a point by means of circular
A conical ‘axicon A,: Py - one of

; R, the points in the object space,
Py - the part of optical axis
where the mesooptical image of
the point P is situated. The
mean focal length of axicon is
the function of angle 6.
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The typical example of mesooptical imaging system is an
axicon’8/ with conical surfaces (Fig.2). Any point situated
in the object space on the optical axis of axicon is transfor-
med by axicon into the straight line of length L. The essential
feature of axicon is that magnitude of L can assume practical-
1y any value in contrast to the classical imaging system
where L=0 in all cases in the geometrical optics approximation
and in the neglecting the aberrations of lens. The circular
axicon is used not only in optics but also. in .acoustoscopy’?/.
The diffraction of light in mesooptical system induces
local spreading of ‘every point in the transformed manifold. For
example the extremities of finite straight line L are spread
over the Az and the transformed line goes into the figure of
rotation, the transversal dimensions of which are equal by the
order of magnitude to Ax and Ay from (6).

The second example of mesooptical system is circular diffrac-
tion grating /8 (Fig.3). The position and the magnitude of
length L of straight line depends on the wave length A
on the period of grating “a” and on the external and internal
diameters Dy and Dy of the circular diaphragm situated in
the plane of circular diffraction gratlng.

The drawback of axicon and other axis symmetric mesooptlcal
imaging system is that due to sivere aberrations of light in
axicon the angular field of view is very small. Therefore such
systems can be used only as a scanning imaging devices with
detector of small dimensions on the optical axis. In contrast to
this the concentrical mesooptical objectives have no restric-
tions on angular field of view. It will be recalled that concen—
trical is called the optical system consisting from spherical
surfaces with common center of curvature’® , According to funda-
mental theorem of geometrical optics /9 the concentrical objec-
tive, the example of which is shown in Fig.4, can contain only

‘three or more spherical concentrical surfaces and cannot con-

tain one or two spherical surfaces.

The situation in mesooptics is different. The mesooptical
concentrical objective can contain only one or two spherical
surfaces. The ray tracing in the simplest mesooptical objective

4 _ \

Fig.3. The formation of image
of a point by means of circular
diffraction grating in the
first order diffraction of mo-
nochromatic light with wave
length A.

Fig.4. The cross section of
concentrical objective with
four spherical concentrical
surfaces /8/.,

with only one spherical surface and with absorbing kern is shown
in Fig.5. The classical concentrical objective which has been
invented by Sutton in 1859 fails to find wide practical appli-
cation due to its principally noncancelled drawback — the lo-
cus of imaging of point situated at equal length from the
center of concentrical objective is forming a manifold situated
on the spherical surface and cannot be detected on plane photo-
film. In the case of mesooptical -concentrical obJectlve the
image of high spatial resolution is filling the image space
over high depth and therefore can be detected on plane film
without using any diaphragm.

The drawback of any mesooptical concentrical objective 1is
that it gives the image of low luminosity and low contrast.
Therefore_it can be usefully applied only for points or point-—
like objects. The chain of ‘bubbles or streamers along the path
of charge particle in the track chambers belongs to this
class of objects.

Fig.5. The simplest mesooptical
concentrical objective with

one spherical surface and ab-
sorbing spherical kern: Pj

a point in the object space I,
P, - its mesooptical lmage in
the image space II, 03 - the
refraction index of the surroun-—
dings, n, - the refraction in-
dex of spherical layer of external radius R, and internal ra-
dius R,. The tracing of extreme rays is shown.




4. MESOOPTICS IN THE BUBBLE CHAMBER OF VERTEX DETECTOR

Let the registered event in the bubble chamber of vertex
detector is detected by means of pulse holography 14/, on
the stage of reconstruction the virtual bubble image is obser-
ved and is scanned with mesooptical objective according to the
scheme shown in Fig.6. Two or more central projections of 3D
image of tracks on the pldnes perpendicular to directions of

rojection are formed. 2D
devices and processed by the algorithms which are. now used in
the processing of stereo imaging in modern track chambers. The
scanning depth L of mesooptical objective can be chogen either
equal to total depth of chamber H or, if the track density on
the hologram is very high, the scanning: depth is diminished
untill the reasonable observation condition is reached.

The information gathered on small area of photoplate by
means of mesooptical objective represents the sum of intensity
of object elements which are laying inside the conical tube
of average diameter Ax and of length L. The analogous summing
along the ray of transmitting radiation is accomplished in re-
constructed tomography with X—ray/lq/or with ultrasound 711/,
The principal difference of mesooptics from reconstructed to-
mography is that the ray ‘in mesooptics can be formed on fihite
length the value of which and its positioning in the object
space can be-varied by means of varying the parameters of
mesooptical 'system. In the case of circular diffraction grating
this aim is attained by varying the wave length of light and
by changing the circular diaphragms.

¥

Fig.6. The mesopptical system
of producing and detecting of
one of central projections of
the virtual image of tracks
reconstructed from hologram
by means of concentrical meso-

luminating beam of coherent
light, H - hologram, Py, -
virtual reconstructed image
of one of bubbles, Az -~ the

N depth of sharpness of mesoop-
tical objective, L - the length of straight line, the part of
whichr is the transformed virtual image of the bubble, &0 ~ '
photofilm, The tracing of rays shown' in' figure corresponds to
formation of only one of two or more central projections.
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5. MESOOPTICS IN NATURE

The typical example of mesooptics in.nature is Fhe grav1Ea—
tional lens’/12:18/ The rays of light going at the impact Ea
rameter ¢ in the vicinity of star is deflected at the angle

" 4GM an
@ (p) oz, »
where @ is the gravitational constant’!%, We suppose that the
gravitational radius of the nearest star

r = _20M
g e

(12)

i i 18/ The smallest
is small relative to its geometrlcal‘radxus R . smal
focal length of this natural mesooptical system is equa

M) 3 (13)
> i i i ts the
The observer situated on the straight line which connectﬁ
centers of two stars at distance r > fp, (R, M) from the i
nearest star will see the far star in the.form of ring arzuth
the nearest star with center coinciding with the)centgrczd e
; i i ns) produ
nearest star’!?/ The grav%tatlonal }ens ém3?g}e P
by far galaxy has been discovered indee .
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